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Synopsis 

Marine horizons in the Campanian-Maastrichtian Nkporo Shale of southern Nigeria are rich in 
sphenodiscid ammonites. Basal (Upper Campanian) strata yield Libycoceras afikpoense Reyment, which is 
succeeded by the Upper Campanian L. crossense sp. nov. and the uppermost Campanian to lowermost 
Maastrichtian L. dandense (Howarth). These species are part of an evolutionary lineage displaying rapid 
modification towards a SphenodiscusAWit morphology. True Sphenodiscus appears in the Nigerian Upper 
Campanian where 5. lobatus lobatus (Tuomey) occurs infrequently. The ornamented S, lobatus costatus 
subsp. nov. is a Maastrichtian derivative of these earlier forms. Phylogenetic relationships within the family 
Sphenodiscidae are discussed. It appears probable that the family, as currently defined, is not monophyletic. 
It is necessary therefore to propose a new family, the Libycoceratidae, to include the genera Libycoceras 
and Indoceras. 



Introduction 

Ammonites of the family Sphenodiscidae have been known from Nigeria for some time. 
Reyment (1955, 1957) described species of Libycoceras and Sphenodiscus from southern 
Nigeria along with a member of the former genus from the north-east of the country. Kogbe 
(1979, 1980) also reported Libycoceras from north-western Nigeria. Reyment (1956, 1965) 
outlined a zonal scheme for the southern Nigerian Maastrichtian partly based on sphenodiscids. 
His zones were inferred from distant sections, highlighting a major problem in sphenodiscid 
taxonomy and phylogeny - the world-wide shortage of sections exhibiting reliable sphenodiscid 
successions. New material from southern Nigeria described here includes members of observ- 
able sphenodiscid lineages which provide valuable information on the age of certain genera and 
relationships within the family. 
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Fig. 1 Map showing outcrops of Campanian and Maastrichtian formations in southern Nigeria and fossil localities mentioned in the text. 
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Occurrence of sphenodisdds in southern Nigeria 

Most of the sphenodisdds from southern Nigeria previously described are from the Nkporo 
Shale, a Campanian-Maastrichtian formation outcropping in southern and central Nigeria (Fig. 
1). In its lower part the Nkporo Shale is predominantly marine, but non-marine shales occur 
above. The marginal marine Enugu Shale and the Owelli (Awgu) Sandstone are lateral equi- 
valents. Lying above and partly contemporaneous with the Nkporo Shale is a deltaic sequence 
comprising the coal-bearing Mamu Formation, the continental Ajali Sandstone and the paralic 
Nsukka Formation (in older literature the Lower Coal Measures, Falsebedded Sandstones and 
Upper Coal Measures respectively). Everywhere in south-eastern Nigeria the Nkporo Shale lies 
unconformably above a folded pre-Campanian sequence. Details of the stratigraphy can be 
found in Simpson (1954), Reyment (1956, 1965) and de Swardt & Casey (1961). 

The most widely reported sphenodiscid of southern Nigeria is Libycoceras afikpoense 
Reyment, occurring in the Nkporo Shale and its lateral equivalents around Nkerefi and Anofia 
(Reyment 1955) and near Ngusu (Simpson 1954) between Lokpauku and Anofia (Fig. 1). 
Reyment (1956) reported it also from the basal Mamu Formation. Forms referred to Spheno- 
discus aff. lobatus (Tuomey) and S. sp. indet. by Reyment (1955) occur in association with L, 
afikpoense at Anofia. The Nsukka Formation (?) near Ifon and Auchi (Fig. 1) contains S. 
studeri Reyment (Reyment 1955, 1957). 

Knowledge of the Nkporo Shale ammonite faunas has been restricted by the scarcity of 
exposures and the impersistence both laterally and vertically of marine strata. Recently, 
however, roadworks have created excellent exposures in parts of southern Nigeria. In particular, 
cuttings on the Calabar-Ikot Ekpene road in the extreme south-east (Fig. 2) provide the 
opportunity to study a sequence of exposures through the formation. Here the Nkporo Shale lies 
uncomformably upon the Albian to Turonian Odukpani Formation. The mileposts provide 




Fig. 2 Map showing occurrences of ammonites in the Nkporo Shale north-west of Calabar. 
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good reference points. At 34 km from Calabar limestones of the uppermost Odukpani 
Formation yield Coilopoceras and Kamerunoceras. Between here and 35* 5 km from Calabar 
occurs the concealed contact with the Nkporo Shale, which dips at c. 7°-8° to the south-west. 
Around the 36 km post, about 70 m of dark grey shales with interbedded thin shelly limestones 
and cross-bedded calcarenites are exposed. This is the basal Nkporo Shale in which Libycoceras 
afikpoense abounds. In addition Sphenodiscus lobatus lobatus (Tuomey) occurs occasionally, 
being most frequent towards the top of the range of L. afikpoense. A rich associated fauna 
includes Gaudryceras sp., Pachy discus sp. , Baculites sp., Didymoceras spp. and Solenoceras sp. 
L. afikpoense persists in numbers up through the sequence until about 36-3 km from Calabar, 
where it gives way to L. crossense sp. nov., which in turn ranges up through the next 45 m of 
shales. Its associated fauna is sparse, including a few Inoceramus and vertebrate fragments and 
rare Nostocerasl sp. Within the range of L. crossense the limestone bands die out and thin 
ironstone bands and nodules appear. These lithological changes and the faunal reduction 
probably herald the onset of reduced salinity conditions. Further cuttings are absent until 
40*3 km and 41 km from Calabar where dark grey shales with ironstones occur, which are 
barren except for plant remains and rare vertebrate fragments. These are probably non-marine 
horizons. At 42km from Calabar, about 40m below the unconformable contact of the Nkporo 
Shale with the overlying late Tertiary Benin Formation, a rich marine fauna occurs again, 
preserved mainly in calcareous nodules distributed through 10-15 m of shales. Sphenodiscus 
lobatus costatus subsp. nov. is highly abundant here, and frequent Pachydiscus (P.) aff. 
dossantosi (Maury) and P. (Neodesmoceras) sp. along with rarer Baculites sp. also occur. The 
crab Costacopluma is common and the foraminifer Afrobolivina abounds. The Benin Formation 
oversteps the Cretaceous formations in this region and the uppermost part of the Nkporo Shale 
is possibly concealed. The outcropping part of the Nkporo Shale is c. 700 m thick. 

At Lokpauku, some 130 km to the north-east of Calabar (Fig. 1), the Nkporo Shale is again 
exposed in road cuttings in the core of a broad anticline. For about 35 m below the gradual 
contact with the overlying Mamu Formation (see Simpson 1954: fig. 4) the Nkporo Shale yields 
only the crab Costacopluma. Below this two marine bands occur, each about 2m thick, and 
separated by 6 m of ripple-bedded and laminated fine-grained sandstones. These bands yield 
numerous Libycoceras dandense (Howarth) and a single Polyptychocerasl has also been 
recovered. There is abundant plant matter, these shales probably being of a marginal marine 
nature. 

The stratigraphical relationship between the Calabar and Lokpauku sections is shown in 
Fig. 3. 



Systematic descriptions 

Repositories. Repositories of specimens are identified by the following prefixes: UIN, 
Department of Geology, University of Ilorin, Nigeria; USNM, United States Museum of 
Natural History, Ithaca, New York. The remainder of the material is in the British Museum 
(Natural History), London, the catalogue numbers being prefixed by the letter C. 

Dimensions. Much of the material is from shales and is compressed; only accurately determined 
dimensions are listed. 



Superfamily ACANTHOCERATACEAE Hyatt 
Family LIBYCOCERATIDAE nov. 

The genera Libycoceras and Indoceras have previously been grouped with Sphenodiscus and 
related forms within the family Sphenodiscidae. The present material, however, suggests that 
Libycoceras, Indoceras and probably several other forms were derived separately (see 
‘Interrelationships within the family Sphenodiscidae’, p. 323). It is necessary, therefore, to 
separate Libycoceras and Indoceras from Sphenodiscus taxonomically and the family Liby- 
coceratidae is proposed for their reception. This family includes involute, compressed 
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Fig. 3 Stratigraphical relationships of the Nkporo Shale in the Calabar and Lokpauku areas. 



ammonites with or without pronounced mediolateral and ventrolateral tubercles or rib-like 
ornament. The venter is tabulate to sharply rounded in the adult. The sutures have wide to 
narrow-necked saddles which are entire to moderately frilled. The first lateral saddle is divided 
by one or two adventitious lobes. 



Genus LIBYCOCERAS Hyatt, 1900 

Type species. Sphenodiscus ismaelis Zittel 1884. Upper Campanian; Middle East, North Africa, 
Sahara. 

Discussion. Howarth (1965: 394) has revised the genus Libycoceras, rejecting the older 
diagnoses of Picard (1929), Hourcq (1949) and Basse (1954) in which only forms with a bifid first 
lateral saddle (Si) were included. Howarth included both * Sphenodiscus* acutodorsatum 
Noetling and Paciceras Olsson in Libycoceras, although they exhibit secondary trifurcation of Si 
(Noetling 1897: pi. 21, fig. 3a; Olsson 1944: fig. 3). The material referred here to L. crossense 
and L. dandense shows primary trifurcation of Si . The former species shows a gross morphology 
and ornamentation typical of Libycoceras. The latter shows an ornament of a reduced but 
similar type and is probably derived from the former. Placing these species elsewhere on the 
basis of suture pattern alone would only serve to obscure their phylogeny. 

Apart from these species mentioned above, four others are recognized, all showing a bifid Si 
with all saddles usually entire though the outer ones may be weakly indented (Lewy 1977: fig. 3). 
These species are L. chargense Blanckenhorn, L. angolense Haughton, L. ismaelis (Zittel) and 
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L. afikpoense Reyment. L. chargense retains a sharp venter throughout ontogeny and is usually 
smooth (Blanckenhom 1900, Douville 1928) though Reyment (1955: 90) noticed faint ventro- 
lateral tubercles. L. angolense is said to lack mediolateral tubercles (Haughton 1925: 270). L. 
ismaelis and afikpoense have a similar ornament of mediolateral and ventrolateral tubercles 
(Quaas 1903, Reyment 1955) and are distinguished mainly on the basis of venter breadth. The 
venter is generally narrower in L, ismaelis, especially in the adult stages. L, ismaelis occurs 
widely in North Africa, the Middle East and the Sahara (Quaas 1903, Picard 1929, Perebaskine 
1930, Collignon 1957, 1965, Sornay 1959, Lewy 1977). The Middle East populations show a 
considerable variation in breadth of venter and strength of ornament. Lewy (1977) figured 
examples with gross morphologies ranging from a L. chargense- to a L. afikpoense-\\kt form. 
These ammonites inhabited partly isolated basins (Reiss 1962, Lewy 1977) and it is quite 
possible that excessive taxonomic splitting of variable, geographically separated populations has 
taken place. L. ismaelis and L. afikpoense remain difficult to distinguish, although the former 
sometimes seems to display a greater number of auxiliary saddles in the suture (Quaas 1903: pi. 
29, fig. 6; Lewy 1977: fig. 3) than L. afikpoense, which normally shows four even in the adult 
stages. In gross morphology L. angolense resembles L. ismaelis, particularly in its narrow 
venter. Probably all four of these species are very closely related and are geographical variants 
of a common stock. 

Specimens referred to Coahuilites by Lewy (1977: 249; pi. 1, figs 7-8) do not seem to be 
closely related to that genus, which has a considerably more complex suture pattern (Bose 
1927). Instead, they resemble L. crossense in ornament and in the tendency towards secondary 
trifurcation of Si. Individuals from Senegal, referred by Sornay & Tessier (1949) to Daradiceras 
and Sphenodiscus corroyi, are also probably closely related to L. crossense, as is ‘5.’ spathi 
Picard (1929). 

In the Middle East, the beginning of the range of Libycoceras has been accurately dated. Here 
L, ismaelis is of Upper Campanian age, occurring in the Zone of Bostrychoceras polyplocum 
(Reiss 1962). In one area L. ismaelis occurs associated with Sphenodiscus (Picard 1929, Lewy 
1977). The same Libycoceras— Sphenodiscus association occurs in the basal Nkporo Shale. L. 
afikpoense in Nigeria is also very probably of Upper Campanian age, especially considering its 
close resemblance to L, ismaelis, L, crossense is slightly younger than L. afikpoense, being 
probably of late Upper Campanian age. 

The genus Libycoceras seems to have possessed a certain tolerance of abnormal marine 
conditions. This is so in the Middle East (Reiss 1962, Lewy 1977), and the persistence of L. 
crossense in the Nkporo Shale around Calabar, while the rest of the marine fauna dies out, is 
further evidence of this. 



Libycoceras afikpoense Reyment, 1955 
Figs 4, 7, 8, 10, 14 

? 1954 Libycoceras ismaelis (Zittel); Simpson: 13. 

? 1954 Libycoceras angolense WdM^Xon; Simpson: VJ , 

1 954 Libycoceras ismaelis (Zittel) ; Reyment: 21 . 

1955 Libycoceras afikpoense Reyment: 89-90; pi. 21, figs 1, 2a, 2b; pi. 22, figs 6a, 6b; pi. 23, fig. 2. 

? 1955 Libycoceras sp. juv. Reyment: 90; pi. 19, fig. 3; pi. 20, fig. 4. 

1965 Libycoceras afikpoense Reyment; Reyment: 55, 56; pi. 2, fig. 10; pi. 6, fig. 6. 

Material and occurrence. The present material consists of 237 specimens (UIN 423.1- 
423.228; C.83130-C. 83137, C.83230) from the lowermost Nkporo Shale (Upper Campanian), 
around 36 km from Calabar on the Calabar-Ikot Ekpene road, south-eastern Nigeria. The 
species occurs in the Upper Campanian of various parts of southern Nigeria as far north as 
Nkerefi (Simpson 1954, Reyment 1955, 1956). The holotype (C. 47403) and three paratypes 
(C. 47404, C.47405, C. 47416) were among the material described by Reyment (1955). 
Specimens described by Lewy (1977) are probably variants of the closely related L. ismaelis. 
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Dimensions. In mm. D = diameter, = whorl breadth, W/i = whorl height, 17= umbilical 
diameter. Figures in parentheses are dimensions as a percentage of the total diameter. 
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Description. Although this species has been described by Reyment (1955) it is desirable to 
include an account of the present material for the purposes of clarity and completeness. 

The shell attains a diameter in excess of 120 mm, the body chamber being a little less than half 
a whorl in length. Throughout ontogeny the umbilicus is tiny. 

The earliest whorl is inflated and the venter rounded. By a diameter of 3* 5 mm the venter is 
sharp and the whorls are compressed, conditions which persist up to a diameter of about 35 mm. 
The venter is produced and sharpened to a knife-edge, a feature not fully apparent on internal 
moulds. Thereafter, the venter begins to broaden, being somewhat flattened at a diameter of 
70-80 mm and finally in the adult rather tabulate. The juvenile flanks bear low, sinuous, 
fold-like ribs. Between a diameter of 20 mm and 35 mm these degenerate into discrete ventro- 
lateral and, initially, somewhat bullate mediolateral tubercles. The maximum whorl breadth is 
at the level of the mediolateral tubercles, corresponding to the position of the second lateral lobe 
in later ontogeny, though nearer to the second lateral saddle at first. The ventrolateral tubercles 
become increasingly clavate during ontogeny and more prominent than the mediolaterals. At 
adulthood the flanks are flattened, although swollen at the mediolateral tubercles, with 
prominent ventrolateral tubercles bordering the tabulate venter. 

The external suture shows little individual variation. The first lateral saddle is always bifid and 
all saddles are entire. Sutural ontogeny is shown in Fig. 14. Auxiliary saddles appear at a 
diameter of about 10 mm increasing in number until, at about 40 mm diameter, there is a full 
complement of four. Thereafter, sutural pattern is stable, although a fifth, retracted auxiliary 
saddle may develop. The lobes show a simple denticulate subdivision barely perceptible among 
the auxiliaries. Quite frequently the lobe endings are grossly truncated in immature individuals 
(Fig. 8). Septal fluting dies out at the centre of the septum. 

Remarks. L. afikpoense shows little individual, stratigraphical or geographical variation in 
southern Nigeria. Juvenile specimens from the Gombe region of north-eastern Nigeria (Fig. 1) 
described by Reyment (1955: 90; pi. 19, fig. 3; pi. 20, fig. 4) are indistinguishable from L. 
afikpoense of an equivalent size. 

Libycoceras cros sense sp. nov. 

Figs5,6,9, 11-13, 15 

Name. After the Cross River, close to the locality of the type material. 

Holotype. BM(NH) C. 82131, about half of a mature whorl showing gross morphology, 
ornamentation and suture pattern (Figs 11, 15E). From the lower Nkporo Shale (Upper 
Campanian), about 36*5 km from Calabar on the Calabar-Ikot Ekpene road, south-eastern 
Nigeria. 
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Fig. 14 External sutures in Libycoceras afikpoense Reyment. A, ontogenetic development of the 
external suture; a-d, f-j, C. 83230 at diameters shown, a-d representing four successive sutures of 
the earliest whorl; e, UIN 423.6 at diameter shown. B, UIN 423.9 at diameter of 55 mm. C, 
UIN 423.19 at diameter of 80 mm. All from the basal Nkporo Shale, north-west of Calabar, 
south-eastern Nigeria. 



Paratypes. UIN 441.1^41.34, UIN 441a. l-441a.22; C.83156-C.83169, all from the same 
locality as the holotype. 

Other material. Twelve specimens from the Dukamaje Formation (Upper Campanian) of 
north-western Nigeria (C. 39585, C.47245-C. 47255) probably also belong in this species. 

Diagnosis. Libycoceras with sharp venter and ornament of feeble, sinuous ribs in the juvenile. 
Later ornament of discrete mediolateral and ventrolateral tubercles sometimes elongated into 
rib-like structures. Adult venter broadly rounded with subdued ventrolateral tubercles which 
finally disappear. Suture with Si secondarily or primarily trifid. Saddles entire to weakly 
indented. 

Description. The shell attains a diameter in excess of 130 mm, the body chamber being a little 
less than half a whorl in length. The umbilicus is tiny throughout ontogeny. 

The earliest whorls are unknown, but at a diameter of 25 mm the shell is highly compressed 
with a sharp venter. The ornament here consists of low, rounded, sinuous ribs running parallel 



Figs 4, 7, 8, 10 Libycoceras afikpoense Reyment. Basal Nkporo Shale (Upper Campanian), about 
36 km from Calabar, Calabar-Ikot Ekpene road, south-eastern Nigeria. Figs 4a, b, C. 83 133. Figs 
7a, b, C.83135. Fig. 8, C.83137; note crowded suture lines. Fig. 10, C. 83130. See also Fig. 14. 

Figs 5, 6, 9, 11-13 Libycoceras crossense sp. nov. Lower Nkporo Shale (Upper Campanian), about 
36‘ 5 km from Calabar, Calabar-Ikot Ekpene road, south-eastern Nigeria. Fig. 5, paratype C. 83159 
in ventral view. Fig. 6, paratype C. 83166, showing change from a bifid to trifid first lateral saddle. 
Fig. 9, paratype C.83160, showing nature of the adult venter. Figs 11a, b, holotype C. 82131 ; see Fig. 
15E. Fig. 12, paratype C. 83168, showing secondary trifurcation of the first lateral saddle. Fig. 13, 
paratype C. 83167, showing nature of the juvenile ornamentation. See also Fig. 15. 

All figures natural size. 
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to the growth lines. The venter broadens during later ontogeny and by a diameter of about 
50 mm is flattened, though slightly raised along the keel, and approaches a fastigiate condition. 
The ornament is now of distinct ventrolateral and less pronounced mediolateral tubercles. The 
tubercles may become produced into rib-like structures. The venter continues to broaden during 
ontogeny, though retaining a slight keel at diameters of 80-90 mm. The adult venter is smoothly 
rounded. Faint traces of the now clavate ventrolateral tubercles remain on the early part of the 
adult body chamber but disappear later. Mediolateral tubercles are not discernible on the adult 
body chamber. 

The suture pattern is somewhat variable (Fig. 15). In most cases Si is bifid with the outer half 
bifid again, that is secondarily trifid (Fig. 15B,C). One specimen (C. 83166, Fig. 6) has S, bifid up 
to a diameter of about 32 mm when a second adventitious lobe separates a small, third outer 
saddle. The outer saddles are entire or weakly indented. The five or six auxiliary saddles are 
usually entire, though the outermost may show slight indentation. Towards the top of its range 
north-west of Calabar, more members of this species show primarily trifid first lateral saddles 
(Fig. 15A, D, E). The outermost saddle so formed is smaller than the inner two. The saddles are 
weakly indented, their necks being fairly broad. Fluting extends over the whole septal surface, 
although its centre forms no more than a series of inconspicuous broad folds. 




Fig. 15 External sutures in Libycoceras crossense sp. nov. A, paratype UIN 441.1 at diameters 
shown. B, paratype C. 83 169 at diameter of 60 mm. C, paratype C. 83161 at diameter of 55 mm. D, 
paratype UIN 441.2 at diameter of 40 mm. E, holotype C.82131. All from the lower Nkporo Shale, 
north-west of Calabar, south-eastern Nigeria. 



Remarks. Although no previously-described forms referred to Libycoceras show a primarily 
trifid Si, a number show secondary trifurcation. L. acutodorsatum (Noetling) and L. pacificum 
(Olsson) are examples but both develop a sharper venter and have an almost smooth shell 
(Noetling 1897, Olsson 1944). The 'Coahuilites' described by Lewy (1977: 249) resembles L. 
crossense in suture pattern and its gross morphology is not very different. *Sphenodiscus' corroyi 
Sornay & Tessier and Coahuilites (Daradiceras) Sornay & Tessier also show a comparable 
suture pattern (Sornay & Tessier 1949), as do certain Libycoceras from the Middle East (Picard 
1929: fig. 10; Lewy 1977: fig. 3), but all these differ in details of gross morphology or 
ornamentation. 

There are specimens in the British Museum (Natural History), London, from the Dukamaje 
Formation at Dukamaje (C.47245-C. 47255) and Gilbedi (C.39585) in north-western Nigeria 
(Fig. 16). These are all more or less fragmentary and weathered, but enough is visible of the 
suture patterns (Fig. 16) to determine that they agree closely with those in L. crossense. The 
ornament and venter breadth are also similar to L. crossense and they are probably conspecific. 
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Fig. 16 External sutures in Libycoceras cf. crossense sp. nov. from the Dukamaje Formation of 
north-western Nigeria. A, C.47247. B, C.47251. C, C.47248. All are weathered to some degree, 
especially C.47248, so that full sutural details are not apparent. 



Although its venter is slightly narrower and becomes rounded at adulthood, L. crossense is 
virtually indistinguishable from L. afikpoense on anything but suture pattern, especially in the 
juvenile and middle stages. The same is true of L. crossense and L. ismaelis, but in the latter the 
venter is frequently narrower. 



Libycoceras dandense (Howarth, 1965) 

Figs 17-20 

1965 Manambolites dandensis Howarth: 396-398; pi. 12, figs 2a, 2b; pi. 13, figs la, lb (with synonymy). 
1970 Manambolites sp. gr. dandensis Howarth; Antunes & Sornay: 84-86; pi. I. 

Material and occurrence. The present material consists of 33 specimens (UIN 443.1-443.17; 
C. 832 11-C. 83226) from the upper Nkporo Shale (uppermost Campanian to lowermost 
Maastrichtian) at Lokpauku, Okigwe, south-eastern Nigeria. The species is also known from 
strata of the same age in the Barro do Dande area of Angola from where Howarth (1965) 
described the holotype (C. 41474) and two paratypes (C. 52734, C. 52736). 

Description. The shell attains a diameter of some 160 mm, the body chamber being half a 
whorl, or a little less, in length. Throughout ontogeny the umbilicus is tiny. 

Up to a diameter of 50-60 mm the whorls are highly compressed and the venter sharp. 
Thereafter the venter broadens, though a feeble keel is still discernible on internal moulds at 
diameters in excess of 100 mm. The flanks of the early whorls bear low, sinuous, fold-like ribs 
running parallel to the growth lines. The ribs are usually confined to the mid-parts of the flanks, 
and they may persist until a diameter of some 60 mm. Thereafter, the ornament consists of 
more or less pronounced ventrolateral tubercles, which may persist onto the adult whorl, where 
they may develop into low, broad ribs confined to the ventral third of the flank. In some 
individuals ornamentation is subdued and almost absent, especially in the early whorls. At the 
junction of the adult phragmocone and body chamber the venter is broadly rounded, but still has 
a feeble keel. The venter of the adult body chamber is not seen in the present material. 

The suture (Fig. 20) always shows a trifid first lateral saddle. The outer saddle so formed is 
smaller than the inner two, often considerably so, and is directed obliquely to the mid-line. In 
early ontogeny the necks of the saddles are broad (Fig. 20A, B) but they may become 
constricted later on. The outer saddles are entire to fairly complexly indented. Commonly, 
details of their subdivision vary on opposite sides of the shell. The five or six auxiliary saddles are 
usually entire though the outer one may be feebly indented. Fluting extends over the whole 
septal surface, its centre being thrown into distinct folds and hollows. 

Remarks. The present material conforms in all important respects with the Angolan specimens 
described by Howarth (1965) and Antunes & Sornay (1970). The larger Nigerian collection 
allows a greater understanding of the variation shown within the species. Suture pattern is rather 
inconsistent and strength of ornamentation and sharpness of the venter also vary. 
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Fig. 20 Sutures in Libycoceras dandense (Howarth). A, UIN 443.2 at diameter of 36 mm. B, first 
lateral saddle in UIN 443.10 at diameter of 30 mm. C, ventral part of internal suture in UIN 443.10 
at diameter of 50 mm. D, C. 83226 at diameter of 70 mm. E, C. 83221 at diameter of 75 mm. F, 
C.83216 at diameter of 55 mm. G, first lateral saddle in UIN 443.17 at diameter of 80 mm. H, first 
lateral saddle in UIN 443.5 at diameter of 77 mm. I, C. 83219 at diameter of about 75 mm. A-C 
shown at greater enlargement than D-I as indicated. All from the upper Nkporo Shale, Lokpauku, 
south-eastern Nigeria. 



In Nigeria L. dandense has not been found with age-diagnostic ammonites. In Angola, 
however, a fairly diverse associated fauna was dated by Howarth (1965: 402-405) as uppermost 
Campanian to lowermost Maastrichtian, an age accepted by Antunes & Sornay (1970). 

The Angolan material was referred by Howarth to Manambolites, The stratigraphical and 
morphological evidence provided by the present Nigerian material, however, indicates that this 
species is descended from an early Libycoceras, Its similarities with Manambolites are chiefly in 
the nature of the adult body chamber, but differences include the generally smooth shell in that 
genus and its bifid first lateral saddle, which is often more highly frilled than in L. dandense (see 
Hourcq 1949). L. crossense also has a similar adult body chamber and its ornament is of a type 
similar to that in L. dandense, but is more strongly developed; the suture may be closely 
comparable though less complex in its details. 

Family SPHENODISCIDAE Hyatt, 1900 
Genus SPHENODISCUS Meek, 1871 

Type species. Ammonites lenticularis Owen, 1852 {non Young & Bird, 1828) = A. lobata 
Tuomey, 1856; Maastrichtian, Mississippi. 

The name Ammonites lenticularis, under which Owen (1852) first placed the type species of 
Sphenodiscus, is pre-occupied by a hiassic Amauroceras (Young & Bird 1828; Howarth 1958: 
26). The type species is, therefore. Ammonites lobata Tuomey which Meek (1876) regarded as 



Figs 17-19 Libycoceras dandense (Howarth). Upper Nkporo Shale (uppermost Campanian to 
lowermost Maastrichtian), Lokpauku, Okigwe, south-eastern Nigeria. Figs 17a, b, C. 83212. Figs 
18a, b, C.83211. Figs 19a, b, C.83214. See also Fig. 20. 

All figures natural size. 
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synonymous with Sphenodiscus lenticularis (Owen). Hyatt (1903) separated the two species, 
evidently on the basis of suture pattern. Since this feature is now known to be highly variable and 
unreliable in species designation, it appears likely that the two are actually conspecific. The 
holotype of S. lobatus is lost but Stephenson (1941: 434) has selected as neotype USNM 2403 
which was figured by Hyatt (1903: pi. 7, figs 1, 2). 

Discussion. As mentioned above many forms previously placed in Sphenodiscus on the sole 
basis of having a trifid first lateral saddle have now been removed from the genus. Taxonomy 
within it is, however, still in a state of some confusion. Several authors, notably Hyatt (1903), 
have attempted to define species on the basis of sutural details. Whenever large numbers of 
specimens have been collected this character has been shown to be so variable as to be of very 
little use at the specific level (Stephenson 1941, Waage 1968), a fact fully supported by the 
discovery of the material described here. The Nigerian Sphenodiscus also indicate that minor 
ornamental details and width of the venter may be variable. Ignorance of this variation has led to 
proliferation of specific names for closely similar lenticular, generally smooth Sphenodiscus with 
a complex suture pattern. 5. lenticularis (Owen), 5. lobatus (Tuomey), 5. stantoni Hyatt, S. 
beecheri Hyatt and 5. tirensis Stephenson are among the more common American names. 5. 
siva (Forbes, 1846) from India, 5. brasiliensis Maury, 1930 from Brazil, and S, ubaghsi 
Grossouvre, 1894 and S. binckhorsti Bohm, 1898 from Europe are also similar. Related 
examples have been described from the Middle East (Picard 1929: 451-452), Nigeria (Reyment 
1955: 87, 89) and Angola (Howarth 1965: 398-399). Stephenson (1941: 434-435), Waage (1968: 
144—145) and Wolleben (1969: 326) have all pointed out the difficulties of identification at the 
species level. It seems clear that this genus can be divided reliably only on the basis of large 
population samples which show some consistent and characteristic features. It is probable that in 
the future many of the forms listed above will be brought into synonymy. 

Sphenodiscus has always been thought of as restricted to the Maastrichtian. The American 
forms are of this age (see, for example, Stephenson 1923, 1941, Waage 1968, Cooper 1971). 
They occur widely in the Lower Maastrichtian (Gill & Cobban 1966, Gill et al. 1970, Cooper 
1971) and in northern Mexico smooth forms range throughout 2900 m of Maastrichtian strata, 
extending to only 100 m below Palaeocene beds (Wolleben 1969). Sphenodiscus occurs in the 
Lower Maastrichtian of Madagascar (Collignon 1971) but in Europe it is predominantly an 
Upper Maastrichtian indicator (Jeletzky 1951). The association of Sphenodiscus with L. ismaelis 
in the Middle East (Picard 1929: 452, Lewy 1977: 245) and with L. afikpoense in Nigeria, 
however, indicates that the genus first appeared in the Upper Campanian. It is not, therefore, 
absolutely diagnostic of a Maastrichtian age. A Libycoceras— Sphenodiscus association also 
occurs in beds of probable Upper Campanian age in Peru (Olsson 1944). 



Sphenodiscus lobatus lobatus (Tuomey, 1856) 

Figs 21, 24, 25 

1852 Ammonites lenticularis Owen: 579; pi. 8, fig. 5. 

1856 Ammonites lobata Tuomey: 16S. 

1871 Ammonites (Sphenodiscus) lobatus Tuomey; Meek: 298. 

1876 Placenticeras (Sphenodiscus) lobatus (Tuomey) Meek: 473-476; pi. 34, figs la-c. 
1892 Ammonites (Sphenodiscus) lenticulare Owen; Whitfield: 258-260; pi. 41, figs 8, 9. 



Figs 21, 24 Sphenodiscus lobatus lobatus (Tuomey). Basal Nkporo Shale (Upper Campanian), about 
36 km from Calabar, Calabar-Ikot Ekpene road, south-eastern Nigeria. Figs 21a, b, C.83128 
( X 0*65). Figs 24a, b, C.83129. See also Fig. 25. 

Figs 22, 23 Sphenodiscus lobatus costatus subsp. nov. Upper Nkporo Shale (Lower Maastrichtian), 
42 km from Calabar, Calabar-Ikot Ekpene road, south-eastern Nigeria. Figs 22a, b, paratype 
C. 83193, showing juvenile ornamentation and sharp venter. Fig. 23, paratype C.83181, showing 
early development of ribbing. See also Figs 26-35. 

All figures natural size unless otherwise stated. 
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Fig. 25 Sutures in Sphenodiscus lobatus lobatus (Tuomey). A, C. 83 128 at diameter of 210 mm. B, 
C. 83 129 at diameter of about 70 mm. C, C. 83229 at diameter of 20 mm. A-C shown at successively 
greater enlargements as indicated. All from the basal Nkporo Shale, north-west of Calabar, 
south-eastern Nigeria. 



1903 Sphenodiscus lobatus (Tuomey); Hyatt: 66-70; pi. 6, figs 1,2; pi. 7, figs 1, 2; pi. 9, figs 11-13. 

1903 Sphenodiscus lenticularis (Owen); Hyatt: 71-75; pi. 8, figs 1, 2; pi. 9, figs 1-6. 

1903 Sphenodiscus lenticularis var. splendens Hyatt: 75-77 ; pi. 8, figs 3-7. 

1903 Sphenodiscus lenticularis var. mississippiensis Hyatt: 77-78; pi. 9, figs 7-9. 

1923 Sphenodiscus lobatus var. allisonensis Stephenson: 397-398; pi. 99, figs 1, 2. 

1927 Sphenodiscus lenticularis (Owen); Bose: 293-295; pi. 14, figs 9-11. 

1929 Sphenodiscus sp. n., aff. stantoni Hyatt; Picard: 451^52. 

1955 Sphenodiscus aff. lobatus (Tuomey); Reyment: 87, 89; pi. 22, figs la, lb. 

1955 Sphenodiscus sp. indet. Reyment: 89. 

1962 Sphenodiscus lobatus (Tuomey); Reeside: 136; pi. 74, fig. 1; pi. 75, fig. 3 (with synonymy). 

? 1965 Sphenodiscus sp. indet. Howarth: 398-399. 

1965 Sphenodiscus aff. lobatus (Tuomey); Reyment: 53, 56; pi. 6, fig. 8. 

1977 Sphenodiscus sp . n . aff. stantoni Hyatt ; Lewy : 245 . 

Material and occurrence. The present material consists of six specimens (UIN 445.1-445.3; 
C. 83 128, C. 83129, C. 83229), all from the basal Nkporo Shale (Upper Campanian), about 36 km 
from Calabar on the Calabar-Ikot Ekpene road, south-eastern Nigeria. The species occurs in 
the United States (see, for example, Hyatt 1903, Reeside 1962), the Middle East (Picard 1929) 



Figs 26-28 Sphenodiscus lobatus costatus subsp. nov. Upper Nkporo Shale (Lower Maastrichtian), 
42 km from Calabar, Calabar-Ikot Ekpene road, south-eastern Nigeria. Fig. 26, paratype C.83183. 
Figs 27a, b, paratype C.83173 (x 0-75). Figs 28a, b, holotype C.83174, showing ribbing and 
rounded adult venter; see Fig. 33 F. See also Figs 22-23, 29-35. 

All figures natural size unless otherwise stated. 
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and probably also Angola (Howarth 1965). The holotype from the Maastrichtian of Mississippi 
described by Tuomey (1856) is believed lost, but Stephenson (1941: 434) has selected USNM 
2403 as neotype. 

Description. The shell attains a diameter well in excess of 200 mm. The umbilicus is nearly 
closed. 

The earliest whorls are compressed in the available material and the venter sharpened. At 
diameters between 60 mm and 80 mm the flanks may bear low, bulge-like ribs tending towards a 
sinuous disposition which die out towards the venter and umbilicus. Other individuals are 
entirely smooth at this stage. Throughout the middle to early adult stages the whorls remain 
compressed and the venter sharp, although one somewhat distorted specimen (UIN 445.1) 
appears to show rounding of the venter at a diameter of only 90 to 100 mm. In the largest 
specimen (C.83 128) the venter begins to become rounded at a diameter of some 200 mm, a trend 
gradually continuing until at adulthood it is narrowly but distinctly arched (Fig. 21b). The flanks 
here are convexly rounded and smooth apart from dense, striae-like growth lines. 

The suture (Fig. 25) displays a primarily trifid first lateral saddle. The saddles are elongated 
and highly subdivided even in the juvenile stages. In the early whorls (Fig. 25B) there are about 
four auxiliary saddles which are entire or only feebly indented. In the adult there are six or more, 
the outer ones being divided in a fairly complex manner, the inner ones being entire. There is 
insufficient material available to determine the full range of sutural variation. Reyment (1955: 
fig. 44a) figured a further suture pattern which differs slightly from those in the present material. 

Remarks. As mentioned previously it is difficult to distinguish between many of the previously- 
described smooth species of Sphenodiscus, and therefore S. lobatus is allowed some latitude 
here. Amongst the established species, S. lobatus is closest to the present material, and the 
Sphenodiscus described by Reyment (1955: 87, 89) is also conspecific. The individual (C. 25902) 
from the Middle East described by Picard (1929: 451-452) differs only in the details of its 
sutures, and as this feature is of no great consequence in subdividing the genus, this specimen is 
also probably conspecific. 

The distinction between this, the typical subspecies of S. lobatus, and 5. lobatus costatus is 
discussed below. 



Sphenodiscus lobatus costatus subsp. nov. 

Figs 22,23,26-35 

Name. From the concave ribs typically developed in adults. 

Holotype. C. 83174, about one-third of an adult whorl (Figs 28, 33F) from the upper Nkporo 
Shale (Lower Maastrichtian), 42 km from Calabar on the Calabar-Ikot Ekpene road, south- 
eastern Nigeria. 

Paratypes. UIN 424.1^24.155; C.52163-C.52174, C.82133-C.82138, C.82157-C.82162, 
C.83172, C.83173, C.83 175-C. 83202, C.83228. All from the same locality as the holotype. 

Diagnosis. Large Sphenodiscus developing a smoothly rounded venter and ornament of low, 
rounded, concave ribs at maturity. Middle whorls compressed with sharp venter, smooth or with 
ornament of more or less pronounced ribs. Sutural details highly variable. 

Description. The shell attains a diameter in excess of 240 mm. The largest preserved body 
chambers are about half a whorl in length. The umbilicus is tiny at all stages. A slight spiral 
depression is often noticeable just outside the umbilical shoulder. 



Figs 29-32 Sphenodiscus lobatus costatus subsp. nov. Upper Nkporo Shale (Lower Maastrichtian), 
42 km from Calabar, Calabar-Ikot Ekpene road, south-eastern Nigeria. Figs 29a, b, paratype 
C.83 177. Figs 30a, b, paratype C.83190, showing juvenile ornamentation and broad venter. Figs 
31a, b, paratype UIN 424.1. Fig. 32, paratype C.83201. See also Figs 22-23, 26-28, 33-35. 

All figures natural size. 
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The early whorls are compressed, but there are several individuals preserved at diameters 
between about 55 mm and 70 mm which show considerable variation in the exact shape. Some 
have flattened flanks and a broad, almost fastigiate venter (Fig. 30b), while others are highly 
compressed with ventrally converging flanks and a sharp venter (Fig. 22b). The ornament at this 
stage is variably pronounced. Some specimens display broad, rounded, sinuous ribs which die out 
towards the venter and umbilicus or are expanded into broad ventrolateral bulges. Others are 
smooth. During middle ontogeny the whorls are almost invariably compressed, the flanks 
smooth and the venter sharp. In late ontogeny the venter begins to broaden and finally becomes 
smoothly rounded, at which stage the flanks converge ventrally only weakly. The transition may 
be gradual or sudden, and its timing is also variable. The venter may already be fully rounded at 
a diameter as low as 1 10 mm but in other cases there is still no appreciable rounding at diameters 
in excess of 165 mm. In late ontogeny an ornament of low, broad, rounded, concave ribs may 
appear on the ventral part of the flanks (Fig. 28a). Often distinct ribs are absent, with broad. 




Fig. 33 Sutures in Sphenodiscus lobatus costatus subsp. nov. A, UIN 424.5 at diameter of 140 mm. 
B, C. 83198 at diameter of 140 mm. C, C. 83 182 at diameter of 140 mm. D, UIN 424.3. E, 
UIN 424.7 at diameter of 95 mm, including internal suture. F, holotype C. 83 174 at diameter of 
132 mm G, C.52173. H, C.82157. I, UIN 424.106. J, C.83228. K,C.83175 at diameter of 180mm. 
L, UIN 424.105 at diameter of 148 mm. M, UIN 424.41 at diameter of 68 mm. N, UIN 424.42 at 
diameter of 43 mm. O, UIN 424.147 at diameter of 42 mm. M-O shown at greater enlargement 
than A-L as indicated. All from the upper Nkporo Shale, north-west of Calabar, south-eastern 
Nigeria. 
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bullate tubercles developing instead. This ornamentation is generally confined to the adult body 
chamber, but one specimen (C. 83 181, Fig. 23) exhibits definite ribs at a diameter of only 
100 mm. There are prominent striae-like growth lines throughout ontogeny which are clearly 
visible even on internal moulds. 

The suture pattern is highly variable throughout ontogeny (Fig. 33). The first lateral saddle is 
invariably trifid, with the outermost division commonly showing a tendency towards another 
bifid division. The first and second lateral saddles may be elongated, narrow-necked and 
phylloid at one extreme, or squat, broad-necked and simply subdivided at the other. The saddle 
endings are occasionally entire (Fig. 33G). There is no consistency in the details of the saddle 
endings and they may be asymmetrically developed on opposite sides of the shell. The six or 
seven auxiliary saddles may be divided, often in a complex manner, or simply indented to entire 
especially in forms with broad-necked saddles. It is possible to trace a partial correlation 
between size and suture pattern. Immature forms usually show phylloid saddle endings, while 
adults tend to display squatter elements. This ontogenetic trend is shown in some fairly complete 
specimens but is again inconsistent. The juvenile sutures are also highly variable (Fig. 33 M-O). 
Fluting extends over the whole septal surface, its centre being thrown into conspicuous folds and 
hollows. 

Remarks. The large amount of material available admirably displays the great variation to be 
expected in this form. The most highly variable features are the juvenile ornamentation and 
whorl shape, timing of rounding of the venter, adult ornamentation and particularly the sutural 
details. These features are therefore of little use in taxonomic subdivision. The most diagnostic 
feature of this subspecies is the ribbed adult ornament, but since this feature is often poorly 
developed a large amount of material is necessary for accurate diagnosis. The juvenile and 
middle whorls on the other hand are, for all practical purposes, indistinguishable from those in S. 
lobatus lobatus, and since the sutures also correspond, the two forms are separated only at the 
subspecies level. Stephenson (1941: 435) mentions ‘faint, widely spaced, broad, low radial 
swells’ in the adult of S. tirensis but these do not appear to be as pronounced as the ornament in 
the present material and they are not evident on his plates. 

As previously mentioned, Sphenodiscus ranges from Upper Campanian to Upper 
Maastrichtian in age. The association of 5. lobatus costatus with Pachydiscus (P.) aff. dossantosi 
and P. (Neodesmoceras) sp. makes a Lower Maastrichtian age most likely for the present 
material. P. (P.) dossantosi occurs in the Maastrichtian of Brazil (Maury 1930) and a very 
similar form occurs in the Maastrichtian of Peru in beds overlying levels containing a Libycoceras- 
Sphenodiscus association (Olsson 1944). Neodesmoceras is primarily a Maastrichtian form. It 
occurs in the Lower Maastrichtian of Madagascar (Collignon 1955, 1971) and throughout the 
Maastrichtian of Japan (Matsumoto 1977). In Alaska and South Africa, however, it may range 
down into the Upper Campanian (Jones 1963, Kennedy & Klinger 1975). 

The author is grateful to Dr A. Dhondt and Dr N. J. Morris for identification of some 
inoceramids occurring in association with 5. lobatus costatus in the Calabar section. These 
bivalves indicate an age not younger than Lower Maastrichtian. 



Interrelationships within the family Sphenodiscidae 

A major problem in sphenodiscid phylogeny has been the lack of observed faunal successions. 
In Texas and northern Mexico species of Coahuilites and Sphenodiscus are common and 
inferred successions were used by Bose & Cavins (1927) to establish a zonation for the region. 
The basis for these zones was called into question by Waage (1968) and Wolleben (1969). 
Cooper (1971), however, rationalized the taxonomy of these stocks and presented a modified 
zonal scheme. Unfortunately, there is limited information provided on the phylogeny of the 
family by these forms. Phylogeny has, therefore, largely been inferred on morphological 
grounds. Picard (1929: 453) implied a progressive increase in complexity of suture pattern 
during phylogeny while Reyment (1956: 75-76) proposed an opposite view, deriving 
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Libycoceras from Sphenodiscus. The present Nigerian material clarifies these issues 
considerably. 

In the Calabar region of Nigeria L. crossense appears immediately above L. afikpoense in the 
Nkporo Shale. L. dandense occurs at Lokpauku in the Nkporo Shale just below the diachronous 
Mamu Formation. It belongs to a level corresponding to the unexposed middle part of the 
Nkporo Shale north-west of Calabar (Fig. 3, p. 307). This conclusion is supported by the relative 
dating of these species. A L. afikpoense-L. crossense-L, dandense succession exists, therefore, 
these species representing a definite lineage displaying progressive morphological change which 
can be summarized as follows: 

1. An increase in sutural complexity. The major trend here involves secondary trifurcation 
followed by primary trifurcation of Si. In addition the outer saddles become more complexly 
indented with narrower necks; the auxiliary saddles increase in number, the outer ones 
becoming indented, and fluting extends to cover the whole of the septal surface. 

2. A reduction in ornamentation. Although juvenile ornamentation is similar in all three 
species it becomes markedly reduced in adults. The mediolateral tubercles are reduced the more 
rapidly, the ventrolaterals persisting in an obsolete condition in L. dandense, 

3. An increase in whorl compression. The juvenile whorls are again similar in all three species 
as regards their gross morphology. Later species display a lesser broadening of the venter during 
growth although even in L. dandense it is fairly broadly rounded in the adult. 

It is worth mentioning also that individual variation increases markedly in later species. 

L, dandense may well be derived directly from L. crossense. The latter species may be derived 
either from L. afikpoense or from North African stocks of L. ismaelis. The probable presence of 
L. crossense in north-western Nigeria and its abrupt appearance in the Calabar section supports 
the last suggestion. 

It is evident that L. dandense has a morphology close to that of Sphenodiscus, and on purely 
morphological grounds it could be accommodated in that genus. If later members of its lineage 
existed, they might be expected to be almost indistinguishable from Sphenodiscus. It is of 
interest, therefore, to consider S. studeri (Reyment 1955, 1957). This species was dated by 
Reyment (1956, 1965) as lower Upper Maastrichtian, evidently because of its stratigraphical 
position closely below definite Palaeocene beds. In the absence of more direct evidence, 
however, the possibility remains that it is somewhat older. The species is represented by a single, 
imperfect internal mould (C. 48050). Its morphology recalls that in L. dandense. There are 
traces of a feeble ornament of ribs in the early whorls and of ventrolateral and weak mediolateral 
tubercles in the later stages. Rounding of the venter occurs at an early diameter of about 85 mm. 
The suture pattern is moderately complex. Conceivably S. studeri is derived from Libycoceras. 

The southern Nigerian Libycoceras species were short-lived. They would, therefore, seem to 
offer a satisfactory basis for detailed correlation in the Upper Campanian and Lower 
Maastrichtian strata of the region. 

Those smooth or ornamented Libycoceras showing tendencies towards trifurcation of Si , such 
as L. acutodorsatum (Noetling 1897), L. spathi (Picard 1929), 'Daradiceras' and L. corroyi 
(Sornay & Tessier 1949) and the 'Coahuilites' described by Lewy (1977), most probably 
represent variants of a stock derived, like L. crossense, from earlier Libycoceras showing a 
simple, bifid first lateral saddle. 

Indoceras has a suture pattern very close to that shown in the early Libycoceras species, with a 
bifid Si and all saddles entire (Noetling 1897). It is distinguished chiefly by its smooth shell and 
by its rounded venter during the middle and adult growth stages, in which respects it resembles 
Manambolites (Hourcq 1949). Similar features to these, however, are known in certain 



Figs 34, 35 Sphenodiscus lobatus costatus subsp. nov. Upper Nkporo Shale (Lower Maastrichtian), 
42 km from Calabar, Calabar-Ikot Ekpene road, south-eastern Nigeria. Figs 34a, b, paratype 
C. 82171, an adult showing development of a rounded venter and traces of ribbing ( x 0-65). Figs 
35a, b, paratype C. 83189, a juvenile lacking ornament and showing a sharp venter ( x 1). See also 
Figs 22-23, 26-33. 
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Libycoceras, and Manambolites has frilled outer saddles in the suture. It would appear, 
therefore, that Indoceras has its closest affinities with Libycoceras, though the only known 
species seems to appear later than Libycoceras, being probably of Lower Maastrichtian age 
(Reiss 1962: 9). 

Specimens from eastern Mali referred by Ilyin et ai (1970) to Indoceras africanense Ilyin do 
not show the distinctive rounding of the venter characterizing that genus. These large, feebly 
ornamented, highly compressed forms appear identical to material from the same area described 
by Perebaskine (1930), which he considered to represent a new variety of Libycoceras ismaelis, 
L. ismaelis var. soudanense. Perebaskine’s material was collected along with broader, more 
typical L, ismaelis from a horizon said to be close to the base of the calcareous beds of the region 
(Perebaskine 1930: 131). These calcareous beds (‘Terme IV’ of Greigert 1966) were formed 
during a transgressive episode affecting eastern Mali and extending as far south as the Mali- 
Niger border (Greigert 1966, Greigert & Pougnet 1967). Greigert (1966: 81-83, 85; pi. 44) dated 
them as latest Maastrichtian to early Palaeocene. Ilyin et ai (1970), however, assigned a Danian 
age since they contain the foraminifer Laffitteina bibensis Marie, a Danian index for this region 
(see also Berggren 1974). South of Mentess on the Mali-Niger border these beds occur above 
the 'Mosasaurus Shales’ (=Dukamaje Formation in north-western Nigeria), being separated 
from them by a sandy regressive sequence (Greigert 1966: pi. 44, Ilyin et al, 1970: fig. 1). The 
'Mosasaurus Shales’ represent an earlier transgression affecting western Niger and north- 
western Nigeria. In Niger they contain Libycoceras ismaelis (Greigert & Pougnet 1967: 139), 
and in their extension into north-western Nigeria they also yield L. cf. crossense. It is most likely 
that Indoceras africanense is in fact a variety of L, ismaelis, synonymous with L. ismaelis var. 
soudanense of Perebaskine (1930). It seems, therefore, that, in eastern Mali at least, this species 
persisted until the end of the Maastrichtian. By Maastrichtian times in southern Nigeria, 
however, L. dandense had already appeared. 

Sphenodiscus is also a long-lived and apparently conservative genus. Smooth forms were 
thought by Wolleben (1969) to represent a root stock giving off successive ‘tribes’ at various 
intervals. There is some evidence to suggest that the distinctly ornamented species (5. 
pleurisepta (Conrad) and its allies) appear later than the smooth Sphenodisus (Bose 1927, 
Cooper 1971). S. lobatus costatus certainly appears to have been derived from a smooth 5. 
lobatus lobatus-V\kQ form. The precise relationship between the smooth and ornamented forms 
is, however, unclear (see also Waage 1968: 144) and there may be no clear-cut distinction 
between the two groups. If this genus is to be of widespread use in correlation, it is clear that 
Stephenson (1941) and Wolleben (1969) are correct in stating that a full understanding of its 
evolution based on large population samples will be necessary. A further complication here is 
that this genus may sometimes show a preference for abnormal marine environments (Waage 
1968: 144). 

Since Sphenodiscus appears as early as Libycoceras in the Upper Campanian it is unlikely to 
have been derived from that genus by complication of suture pattern. Rather it may be descended 
from early Campanian members of the Lenticeratinae, or from Placenticeras which occurs 
below the Sphenodiscus-bcaring beds in Texas and northern Mexico (Bose 1927, Cooper 1971). 
It is, nevertheless, true that certain Libycoceras species come to resemble Sphenodiscus 
morphologically. 

The earliest known sphenodiscid is Manambolites piveteaui Hourcq (1949), which appears at 
the base of the Middle Campanian in Madagascar (Besairie & Collignon 1960: 79). This genus is 
probably derived from Eulophoceras from which it differs mainly in its rather simpler suture 
(see Hourcq 1949: figs 4, 5, 20, 21). For Libycoceras to be derived from Manambolites, 
however, would be less plausible, since this would require further simplification of suture 
pattern followed immediately by a rapid increase in complexity and an equally rapid 
development and subsequent loss of ornamentation. The ancestors of Libycoceras, therefore, 
remain obscure and it may be necessary to seek them among earlier pseudoceratites. 

'Manambolites* ricensis Young (1963: 127-128) is a peculiar form of uncertain generic status. 
Coahuilites (Mzezzemceras) pervinquieri Basse (1954) is either related to Manambolites 
(Howarth 1965: 395) or to those Libycoceras species which show sutural complication. 
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Fig. 36 Diagram showing the inferred phylogenetic relationships within the families Sphenodiscidae 
and Libycoceratidae. Libycoceras group A includes L. ismaelis (Zittel), L. afikpoense Reyment, L. 
angolense Haughton and L. chargense Blanckenhorn. Libycoceras group B includes L. crossense 
sp. nov. and probably 'Paciceras' Olsson, ' Sphenodiscus’ acutodorsatum Noetling, ‘5/ spathi 
Picard, '5/ corroyi Sornay & Tessier, ‘ Daradiceras* Sornay & Tessier and 'Coahuilites* (Lewy 
1977). Libycoceras group C includes L. dandense (Howarth). 

Note that in eastern Mali at least L. ismaelis persists until the end of the Maastrichtian. 



The only other sphenodiscid genus generally recognized is Coahuilites. Cooper (1971) 
brought the three species described by Bose (1927) into synonymy. The genus occurs intimately 
mixed with Sphenodiscus in Texas and northern Mexico and Waage (1968: 144) expressed doubt 
about the separation of the two genera. The major distinction between them lies in the bifid 
nature of the first lateral saddle in Coahuilites, Certain Sphenodiscus show secondary tri- 
furcation of Si (Olsson 1944: 108-110, Howarth 1965: 395, fig. 22), and a similar condition exists 
in Coahuilites (Bose 1927: 288, 291; pi. 14, figs 1, 3, 7, 8). In this, and also in ornament, there is 
thus overlap between Coahuilites and certain Sphenodiscus (Bose 1927: pi. 16, Hyatt 1903: pi. 6, 
fig. 6). Bose (1927: 282) considered Coahuilites to appear earlier than Sphenodiscus but this was 
disputed by Cooper (1971). Probably Coahuilites is a derivative of Sphenodiscus perhaps 
warranting separation only at subgeneric level. 
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It appears likely, therefore, that the family Sphenodiscidae as currently defined is not a 
monophyletic group. The possible interrelationships between these forms are shown in Fig. 36. 
The major conclusion to be drawn from the present study is that Libycoceras and Indoceras on 
the one hand and Sphenodiscus and Coahuilites on the other belong to separate stocks. It is 
necessary to separate them taxonomically, and the family Libycoceratidae is here proposed to 
accommodate the first two genera. The precise relationship of Manambolites to the above- 
mentioned genera remains unclear. 
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